INTRODUCTION
============

Pancreaticoduodenectomy (PD) is the primary treatment for malignant tumors involving the pancreatic head, lower bile duct, and duodenal ampulla \[[@B1]\]. This procedure is technically difficult and highly invasive. Therefore, it is associated with a high morbidity and mortality rate \[[@B2]\]. The perioperative mortality rate still ranges from 0% to 5% \[[@B3][@B4]\]. The m ost important factor affecting morbidity and mortality after PD is the development of postoperative pancreatic fistula (POPF). In recent studies, the incidence of POPF is still high, which accounted for 11.4%--64.3% \[[@B5][@B6]\]. POPF is associated with delayed gastric emptying, intra-abdominal abscesses, surgical site infection, sepsis, and bleeding after PD \[[@B7]\]. Several approaches may reduce the incidence of pancreatic fistula (PF) \[[@B8][@B9]\]. However, to date, a definitive approach that prevents POPF has still not been established.

The controlling nutritional status (CONUT) score is an automatic tool to assess nutritional status, taking into account laboratory information, including serum albumin, total cholesterol level, and total lymphocyte count \[[@B10]\]. The CONUT score has been used to objectively evaluate nutritional status in patients with inflammatory disease, chronic heart failure, and chronic liver disease \[[@B11][@B12]\]. Recently, the CONUT score was shown to be a predictive or prognostic marker in patients with malignancies, including colorectal, esophageal cancer, and hepatocellular carcinoma \[[@B13][@B14][@B15]\]. However, the usefulness of the CONUT score in assessing the risk of POPF after PD has not been determined. Therefore, this retrospective study aimed to determine the significant preoperative predictive factors for POPF and to investigate whether the preoperative CONUT score could be a useful predictor of POPF.

METHODS
=======

Patients were not required to provide informed consent for the study as the analysis used anonymous data that were obtained after patients agreed to treatment by written consent. The ethics committee at the Iwakuni Clinical Center approved the study protocol (No. 0107). This study was performed in accordance with the protocols of the 1975 Declaration of Helsinki.

Patients and data collection
----------------------------

We reviewed the data from 97 consecutive PD cases performed in the Department of Surgery of Iwakuni Clinical Center from April 2008 to May 2018. The following preoperative patient data were collected: sex, age, hypertension, diabetes, alcohol consumption, smoking, body mass index, CONUT score, indication for surgery, main pancreatic duct (MPD) diameter by preoperative CT or magnetic resonance cholangiopancreatography, CT attenuation values in the pancreatic body, blood transfusion, blood loss, operative time, and pancreaticojejunostomy technique.

Preope rative blood samples were obtained within 2 weeks before surgery. The preoperative CONUT score was calculated using albumin level, total lymphocyte count, and total cholesterol level in each patient \[[@B10]\]. (1) A lbumin concentrations ≥3.5, 3.0--3.49, 2.5--2.99, and \<2.5 g/dL were scored as 0, 2, 4, and 6 points, respectively. (2) Total lymphocyte counts ≥1,600, 1,200--1,599, 800--1,199, and \<800/mm^3^ were scored as 0, 1, 2, and 3 points, respectively. (3) Total cholesterol concentrations ≥180, 140--179, 100--139, and \<100 mg/dL were scored as 0, 1, 2, and 3 points, respectively. The CONUT score was defined as the sum of (1), (2), and (3) ([Table 1](#T1){ref-type="table"}). In this study, patients were divided into 2 groups: low CONUT group (score ≤ 2) and high CONUT group (score ≥ 3) \[[@B13][@B14]\].

In addition, data on postoperative complication were collected for analysis with a focus on the occurrence of pancreatic fistula. No patient was excluded from the case series.

Assessment of pancreas firmness
-------------------------------

A soft pancreas is reported to be the risk factor for POPF \[[@B16]\]. However, pancreas firmness assessed by the surgeon alone during operation may not be accurate. It is obscure where the softness ends and firmness begins. Pancreatic fibrosis decreases the softness of the gland. Hashimoto reported that the ratio of the mean pancreatic CT attenuation value (hepatic to pancreatic phase; late/early \[L/E ratio\]) upstream from the tumor can assess the historical degree of pancreatic fibrosis \[[@B17]\]. Therefore, we used the CT attenuation value (L/E ratio) at the pancreatic body to assess pancreatic firmness.

Operative procedure
-------------------

Patients underwent subtotal stomach-preserving PD by 2 surgeons specializing in pancreatic surgery. All operations were performed via an open approach, and the degree of locoregional lymphadenectomy was determined according to the preoperative diagnosis. Surgical reconstruction was performed using a modification of the Child\'s method. The proximal jejunal stump was passed through the retrocolic pathway, and pancreaticojejunostomy, biliojejunostomy, and gastrojejunostomy were performed. Pancreaticojejunostomy was performed using the modified Kakita anastomosis (n = 47; April 2008--May 2013) or the modified Blumgart anastomosis (n = 50; June 2015--present) \[[@B23]\]. During the procedure, the surgeon decided whether plastic stents for internal drainage needed to be inserted into the MPD. Two or 3 abdominal drains were placed anterior or posterior to the pancreaticojejunostomy anastomosis and hepaticojejunostomy anastomosis.

Classification and detailed definition of POPF
----------------------------------------------

POPF was diagnosed and graded in accordance with the International Study Group on Pancreatic Fistula classification \[[@B18]\]. POPF was diagnosed when the amylase concentration in the drainage fluid on postoperative day 3 was more than 3 times the upper limit of the normal serum level. POPF with an elevated inflammatory response noted in the blood examination and intravenous administration of antibiotics was defined as grade B POPF caused by infection. POPF that required drain placement for \>22 days without an elevated inflammatory response or administration of antibiotics was defined as grade B POPF caused by long drain placement. Latent POPF \[[@B19]\] was defined as POPF that initially lacked amylase-rich effluent but ultimately progressed to clinically relevant POPF.

Statistical analysis
--------------------

Statistical analyses were performed using the unpaired Student t-test and the chi-square test with Fisher exact test. All variables were assessed using univariate analyses, and only those variables showing statistical significance (P \< 0.05) were evaluated using multivariate logistic analyses to determine the main independent risk factors for POPF. A value of P \< 0.05 was considered statistically significant. Statistical analysis was undertaken using the JMP version 9 software (SAS Institute, Cary, NC, USA).

RESULTS
=======

Clinical and preoperative characteristics of 97 patients are summarized in [Table 2](#T2){ref-type="table"}. The study population consisted of 56 men and 41 women, with a median age of 69 years (interquartile range, 15--88 years). The median CONUT score was 2 (interquartile range, 1--3) ([Fig. 1](#F1){ref-type="fig"}). The low CONUT group included 61 patients (62.9%), and the high CONUT group included 36 patients (37.1%). The indication for PD included pancreatic carcinoma in 36 patients (37.1%), distal bile duct carcinoma in 20 (20.6%), intraductal papillary mucinous neoplasm in 15 (15.5%), ampullary carcinoma in 10 (10.3%), chronic pancreatitis in 5 (5.2%), duodenal carcinoma in 4 (4.1%), solid-pseudopapillary neoplasm in 2 (2.1%), gallbladder carcinoma in 2 (2.1%), and other diseases (metastatic tumor, pancreatic neuroendocrine tumor, autoimmune pancreatitis). The mean postoperative duration of hospital stay was 22 days (12--93 days). A total of 29 patients (29.8%) were diagnosed with POPF ≥ B, with 26 cases (26.8%) classified as grade B and 3 (3.1%) as grade C. There was no trend change of POPF according to the time period. The mortality rate among the study population was 2.1% (2 of 97). One died of aspiration pneumonia and sepsis associated with POPF, and another died of abdominal bleeding associated POPF.

When the demographic and clinical variables were assessed using univariate analysis to determine the relationship with POPF, no statistical significance was found for age, sex, presence of hypertension, presence of diabetes mellitus, smoking history, and anticoagulant therapy ([Table 3](#T3){ref-type="table"}). A significant association was observed between POPF and the following factors: BMI ≥ 22 kg/m^2^ (P = 0.011), high CONUT score (P = 0.006), nonpancreatic carcinoma (P = 0.003), and CT attenuation values (L/E ratio) in the pancreatic body (P \< 0.001).

The preoperative risk factors for POPF (BMI ≥ 22 kg/m^2^, high CONUT score, nonpancreatic cancer, CT attenuation values \[L/E ratio\] in the pancreatic body) demonstrated in the univariate analysis were incorporated into the logistic regression analysis. The results showed that BMI ≥ 22 kg/m^2^ (odds ratio \[OR\], 7.72; P \< 0.001), high CONUT score (OR, 6.25; P = 0.001), nonpancreatic carcinoma (OR, 6.01; P = 0.009 ), and CT attenuation values (L/E ratio) in the pancreatic body (OR, 9.70; P = 0.005) were independent risk factors for POPF ([Table 4](#T4){ref-type="table"}).

A simple scoring system for all patients was then developed, with 1 point assigned to each significant factor: BMI ≥ 22 kg/m^2^, high CONUT score, nonpancreatic carcinoma, and CT attenuation values (L/E ratio) in the pancreatic body, using similar OR to that used in the multivariate analysis. The patients were divided into 4 groups according to the number of risk factors. The proportion of POPF in each group was well categorized ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

In this study, the multivariate logistic regression analysis showed that high CONUT score, BMI ≥ 22 kg/m^2^, nonpancreatic carcinoma, and CT attenuation values (L/E ratio) in the pancreatic body were independent risk factors for POPF. In this study, we found a correlation between the CONUT score and POPF. Patients with a high CONUT score had significantly higher incidence of POPF. To our knowledge, this is the first study to investigate the relationship between CONUT score and incidence of POPF. The CONUT score is easily estimated using preoperative blood biochemical examination and is a useful tool in predicting the occurrence of POPF.

The CONUT score is an efficient tool for ear ly detection and continuous control of undernutrition in hospitalized patients, allowing nutritional status to be monitored in all inpatients \[[@B10]\]. This score is derived from 3 parameters; namely, serum concentrations of albumin (an indicator of protein reserve), total cholesterol (a caloric depletion parameter), and total lymphocyte count (an indicator of loss of immune defenses caused by malnutrition) \[[@B10]\]. Thus, the CONUT score presents 3 important immunonutritional indices.

POPF (grades B and C) is the most common and challenging PD complication, which has the potential to trigger a life-threatening delayed massive intra-abdominal hemorrhage and septicemia. Early prediction of this complication may improve postoperative monitoring of patients at a high risk of developing POPF. Predictors of POPF have been extensively studied. The following factors are reported to be related to POPF: sex, age, preoperative jaundice, intraoperative blood loss, low albumin level, high American Society of Anesthesiologists score, operative time, pancreatic texture, BMI, diameter of the MPD, and pancreaticojejunal anastomosis \[[@B6][@B20]\]. A multiinstitutional study confirmed the Fi stula Risk Score as a valid tool for predicting the development of POPF after PD. In particular, Callery et al. \[[@B21]\] reported that a simple 10-point Fistula Risk Score (based on small pancreatic duct, soft texture pancreas, high-risk pathology, and operative blood loss volume) is capable of precisely forecasting POPF after PD. Our scoring system can well categorize significant factors and be a useful tool for clinical practice. Those prediction strategies are easy, convenient, and amenable to widespread adoption so that surgeons may predict, diagnose, and treat POPF in a timely manner.

Compared with nonmalnourished patients, malnourished surgical patients have significantly higher incidence of postoperative complication such as SSI \[[@B22]\]. Therefore, besides the CONUT score, various screening tools have been developed to assess preoperative nutritional status \[[@B23]\]. Recently, Kim et al. \[[@B24]\] described that an integrated nutritional risk screening (NRS) system, including albumin, total lymphocyte count, BMI, and subjective risk factors (weight loss, dietary intake loss, and dysphagia), can be a preoperative predictive model for postoperative complication and found that the NRS risk group was independently associated with POPF. This suggests that a potential relationship exists between nutrition status and POPF.

Preoperative nutritional support such as immunonutrition decreased SSI incidence \[[@B25]\]. Therefore, in patients undergoing PD, interventions for nutritional status managem ent through preoperative immunonutrition may be necessary to decrease the incidence of POPF. Aida et al. \[[@B26]\] reported that preoperative immunonutrition modulates prostaglandin E2 production and T-cell differentiation and may protect against the aggravation of operative complication in patients undergoing PD. Recently, the enhanced recovery after surgery (ERAS) program including preoperative immunonutrition has been reported safe and contributed to decreased total complication rates in the hepatobiliary-pancreatic area and duration of hospital stay \[[@B27]\]. The underlying principle of the ERAS program is a multimodal perioperative protocol to attenuate the inflammatory response and potentiate patient rehabilitation after surgery \[[@B28]\]. To improve preoperative nutrition status, ad aptation of an ERAS program may be effective in patients with a high CONUT score to decrease the incidence of POPF.

An increased BMI has already been widely accepted as a patient-related risk factor that predisposes patients to POPF. The high incidence of POPF in patients with high BMI may lead to increased difficulty in exposing the pancreas during surgery due to a higher volume of abdominal fat and peripancreatic fat, a higher risk of damage to the pancreatic capsule during separation due to a soft and brittle pancreas, and a higher risk of pancreatic leakage caused by damage to the pancreatic tissue and fine pancreatic ducts due to suturing and knotting during pancreaticojejunal anastomosis \[[@B29]\].

In addition, a soft pancreas is a risk factor for POPF \[[@B16]\]. In this study, we assessed pancreatic firmness using the CT attenuation value (L/E ratio), which has been proposed to be associated with the texture of the pancreatic parenchyma. The L/E ratio positively correlated with pancreatic firmness, which reflects the histological degree of fibrosis in the pancreas. Our data showed that the L/E ratio was significantly lower in patients with POPF, and a soft pancreas was associated with POPF. The high incidence of POPF in patients with soft pancreas may lead to unsecure suturing and knotting, which can result in unsatisfactory pancreaticojejunal anastomosis, and a high risk of damage to the pancreatic tissue and fine pancreatic ducts during suturing and knotting of a soft pancreas, resulting in pancreatic leakage \[[@B29]\].

Nonpancreatic cancers such as ampullary carcinoma, bile duct carcinoma, or intraductal papillary mucinous neoplasm were indicated as risk factors, because these diseases clearly reflect the remnant pancreatic characteristics of the soft texture of the pancreas, a thin pancreatic body, and a nonfibrotic pancreatic parenchyma, which greatly increase the risk of POPF \[[@B30]\].

This study had some limitations. First, this was a retrospective, single-center study; there may be potential selection bias in the enrollment of patients for PD. Second, the sample size was small. Third, although the CONUT score conventionally described 4 classes of undernutrition, we used other cutoff values according to a previous report \[[@B13][@B14]\]. In this study, the cutoff value for the CONUT score associated with POPF using receiver operating characteristics was also 3 (area under the curve = 0.61). Further studies are needed to determine more adequate cutoff values of the CONUT score to predict the incidence of POPF. Fourth, this study was based on a long-term chronologic experience. Finally, we did not compare the efficiency of the CONUT score with that of other screening systems. Further studies are required to assess the efficacy of screening systems to evaluate patients\' status.

High CONUT score, BMI ≥ 22 kg/m^2^, nonpancreatic carcinoma, and CT attenuation values (L/E ratio) in the pancreatic body were found to be independent risk factors for POPF after PD. The CONUT score is an effective tool to assess preoperative nutritional status and predict the incidence of POPF after PD. The adaptation of the ERAS program including i mmunonutrition may be effective in patients with high CONUT scores to decrease the incidence of POPF.
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###### Assessment of undernutrition status by the CONUT score
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CONUT, controlling nutritional status.

###### Clinical and preoperative characteristics of 97 patients in this study

![](astr-99-18-i002)

Values are presented as number (%) or median (interquartile range).

IPMN, intraductal papillary mucinous neoplasm; SPN, solid-pseudopapillary neoplasm; AIP, autoimmune pancreatitis; PNET, pancreatic neuroendocrine tumor; CONUT, controlling nutritional status; MPD, main pancreatic duct; MRCP, magnetic resonance cholangiopancreatography; L/E ratio, late/early phase ratio.

^a)^According to the international Study Group of Pancreatic Fistula (ISGPF) classification.

###### Risk factors for pancreatic fistula according to univariate analysis
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POPF, postoperative pancreatic fistula; CONUT, controlling nutritional status; MPD, main pancreatic duct; MRCP, magnetic resonance cholangiopancreatography; L/E ratio, late/early phase ratio.

###### Independent predictors of pancreatic fistula according to multivariate analysis

![](astr-99-18-i004)

CI, confidence interval; CONUT, controlling nutritional status; L/E ratio, late/early phase ratio.
